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Introduction
Soils with excess of salts and sodium are characterized by high values of pH and exchangeable sodium percentage (ESP), low exchangeable calcium and magnesium contents and low availability of cationic micronutrients (Talei et al., 2012) . These characteristics, directly or indirectly, lead to physiological and nutritional imbalances in plants, causing a decrease in their growth and development (Sousa et al., 2012; Sá et al., 2015; Araujo et al., 2015) . Therefore, to recover the areas productivity it is essential to use techniques that improve these soils fertility (Uddin et al., 2011; Araujo et al., 2015) .
In the recovery of these soils, products such as organic residues, calcium chloride, agricultural gypsum, sulfuric acid and elemental sulfur are considered the most efficient (Fuente et al., 2007; Zia et al., 2007; Leal et al., 2008; Gharaibeh et al., 2009; Golldack et al., 2011; Sousa et al., 2012 , Sá et al., 2013 Ahmad et al., 2013; Souza et al., 2014) . However, the use of tree species more tolerant to salts can contribute to the recovery process of these areas (Qadir et al., 2007; Araujo et al., 2015) . In general, native species are adapted to the severe climatic conditions of the semi-arid region, and can be an important alternative for the recovery and use of salinized areas or in salinization processes (Qadir, 2007) . In addition, these species are of Plant Production and Crop Protection Com. Sci., Bom Jesus, v.8, n.2, p.375-382, Abr./Jun. 2017 multiple use, have deep root systems, increase permeability, soil porosity, assist in the lowering of the water table, and reduce the risks of soil salinization (Gill et al., 2009 ).
The species Amburana Cearensis, Caesalpinia ferrea and Cnidosculus philacanthus are nativeof the Caatinga biome and suffer deforestation, mainly for use as firewood in potteries and bakeries in the semiarid region (Lorenzi, 2000) . The Moringa oleifera is a tree species probably from India and adapted in the region (Lorenzi, 2000) , presenting fast growing and has been used in animal feed. Although they are species with economic potential and adapted to the stressful conditions of the Brazilian semiarid, there is little or no information about the tolerance of these species to salinity and sodicity (Sousa et al., 2012) .
Thus, the aim of this study was to evaluate the effect of conditioners on the recovery of a saline-sodium soil of the semiarid region of the Paraiba State and the effect on the growth and physiological responses of four tree species, occurring in the Caatinga biome.
Material and Methods
Two experiments were conducted in a protected environment of the Campina Grande Federal University, Center for Food, Agricultural Science and Technology (CCTA), Campus of Brazil (6º47'3, 97 ''S, 37º48'6, 80''W and 193 m) In order to diagnose a significant effect of the treatments by the F´s test, the data were submitted to analysis of variance (ANOVA) and the means were compared by the Tukey´s test, both tests being performed at 5% probability using the SISVAR ® software (Ferreira , 2011) .
Results
All soil chemical attributes were affected by soil correction treatments ( in the saline-sodic soil with the application of the conditioners (Table 3) . However, when compared to the non-saline soil, the values remained high.
In the decrease of the salinity of the saturation extract (CEes), the treatments with O.M. (Tables   2 and 3 ) stood out. This fact is probably due to the improvement of the soil physical structure, providing a greater permeability of the water and allowing higher salts leaching (Souza et al., 2014) .
Regarding the physiological variables, it is possible to observe that the photosynthetic rate, with the exception of the Amburana cearensis species, was higher in the saline soil with sulfur, but did not differ from the non-saline soil (Table   4 ). According to the same Means followed by the same lowercase letters comparing treatments and uppercase comparing vegetal species are not different according to Tukey´s test at 5% of probability.
( Regarding the plants height (growth), a varied response was observed to the treatments of soil correction according to the vegetal species (Figure 1 ). For Amburana cearensis ( Figure 1A ), the highest growth in height occurred in non-saline soil followed by elemental sulfur.
With the exception of the cited species (Figure   1 ), the highest growth of plants was provided by elemental sulfur followed by calcium sulfate.
The Cnidosculus philacanthus species ( Figure 1D The highest values of relative height / growth ( Figure 2A ) and diameter ( Figure 2B ) of the plant species were obtained by applying elemental sulfur or calcium sulfate. It was observed that the species Amburana cearensis was the most sensitive to salinity in relation to the relative growth in height ( Figure 1A) , especially in the treatment with organic matter.
For both variables the Moringa oleifera and the
Caesalpinea ferrea stood out (Figure 1 ).
The highest values for relative shoot dry mass (RSDM) ( Figure 2C ) and relative root dry mass (RRDM) ( Figure 2D ) were obtained by applying elemental sulfur or calcium sulfate to the soil. Regardless the species, the application of elemental sulfur provided values for these variables of at least 75%. Comparing the plant species, it was observed that, for RSDM ( Figure   2C ), the Moringa oleifera and Caesalpinia ferrea species stood in with the treatments calcium sulfate and elemental sulfur treatments, however, they obtained the smallest responses in the other treatments, both for RSDM ( Figure 1C ) and for RRDM ( Figure 2D ). Com. Sci., Bom Jesus, v.8, n.2, p.375-382, Abr./Jun. 2017
Discussion
The reduction of the ESP by the application of calcium sulfate or elemental sulfur is mainly due to the sodium displacement of the exchange complex by the calcium released by the conditioners (Sadiq et al., 2007) . In this process, the sodium is displaced to the soil solution to react with the sulfate anions, forming sodium sulfate that is removed after the application of a water slide (Leite et al., 2007) . As for sulfur, its effect on pH lowering of saline soil is probably due to the biological oxidation of elemental sulfur, which produces acidity and sulfate in the soil (Stamford et al., 2007; Heydarnezhad et al., 2012; Sá et al., 2013) . The acidity generated by the oxidation of sulfur possibly contributed to increase the minerals solubility such as calcium carbonate and/or magnesium and mainly calcium and potassium feldspar increasing the concentration of exchangeable cations such as calcium, magnesium and potassium, also contributing to the reduction of the soil ESP.
Calcium sulfate, despite having no acid reaction, also reduced the pH of the saline-sodic soil. This decrease occurs indirectly, due to the decrease of the exchangeable sodium contents (Miranda et al., 2011; Sousa et al., 2012; Sá et al., 2013) .
In turn, the addition of organic matter, although in some cases had a positive effect on the growth and production of plants dry mass, produces a less pronounced effect than the other conditioners. The organic residues can physically improve the soil, providing a greater aggregation and increasing its macroporosity, facilitating the removal of the soluble salts (Gill et al., 2009; Makoi & Verplancke, 2010) .
However, these materials did not contribute to the removal of exchangeable sodium as much as calcium sulfate and elemental sulfur, since the amounts of exchangeable cations released from their mineralization are insufficient for the displacement of exchangeable sodium from the exchange complex (Gill et al., 2009; Miranda et al., 2011) .
The reductions in the photosynthetic rate, transpiration rate and stomatal conductance with elevated salinity and sodic levels are attributed to water stress (Tejada et al., 2006; Alves et al., 2009) , which causes closure of the stomata and reduces de CO 2 flow into the cell, as well as the toxic effect of the sodium excess (Munns, 2002; Velinni et al., 2008; Fernandes et al., 2010; Uddin et al., 2011; Souza et al., 2012) .
It should be pointed out that in the case of the species Amburana cearensis, the absence of a difference between the soil conditioners, for the photosynthetic rate (Table 4) (Mendonça et al., 2007 , Fernandes et al., 2010 .
In addition, it is likely that the excess of sodium in the soil without a corrective may have caused competitive inhibition with potassium and calcium, thus contributing to decrease of plant growth, as observed by Uddin et al. (2011) . (Tables 2 and 3) .
Conclusions
Bovine manure, elemental sulfur or calcium sulfate decreases the salinity and the sodicity of saline-sodic soils, with calcium sulfate and elemental sulfur showing better results.
Calcium sulfate and elemental sulfur decrease the negative effects of salinity and sodicity on the photosynthetic rate of the
Caesalpinia ferrea, Cnidosculus philacanthus
and Moringa oleifera species, favoring the initial growth, mainly for Caesalpinia ferrea and
Moringa oleifera species.
It should be emphasized that the results of the present study were obtained in a protected environment, requiring studies in the field for validation. It is suggested that future studies evaluate other management situations and/or other soil conditioning products, as well as an evaluation of the soil physical attributes.
